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INTRODUCTION 

The laser-mass spectrometer  h a s  been used t o  pyro lyse  pe t rographic  c o n s t i t u e n t s  of 
coa l  and record the  mass spectrum o f  t h e  p y r o l y s i s  products  thus produced. The laser-mass 
spectrometer  has  been descr ibed i n  d e t a i l  elsewhere ( 1 , 2 ) .  E s s e n t i a l l y  it c o n s i s t s  o f  a 
small pulsed ruby l a s e r  (max. ou tput  energy 0.1 j o u l e )  whose output  can be focused on the 
sur face  of a coa l  t a r g e t  loca ted  i n  t h e  i o n i z a t i o n  chamber of a t i m e - o f - f l i g h t  mass s p e c t r o -  
meter .  A modified microscope o p t i c a l  system is used t o  focus the l a s e r ;  i r r a d i a t e d  
t a r g e t s  can be a s  small a s  10 microns i n  d iameter .  Since t h e  t a r g e t  t o  be i r r a d i a t e d  can 
be viewed through the  same microscope system, s e l e c t e d  a r e a s  of t h e  c o a l  sample can be 
pyrolysed.  With the 10 micron diameter  l i m i t  of t h e  i r r a d i a t i o n  zone d i f f e r e n t  p e t r o -  
graphic  c o n s t i t u e n t s  of a c o a l  sample can be pyrolysed i n - s i t u  and t h e i r  mass s p e c t r a  
recorded.  These s p e c t r a  can be used t o  s tudy  t h e  chemical composition and s t r u c t u r e  of 
coa l  o r  even more simply can be used a s  " f i n g e r p r i n t s "  to  d i f f e r e n t i a t e  between the  
var ious  heterogeneous c o n s t i t u e n t s  o f  c o a l .  

LASER HEATING 1) 

3 The energy from the  l a s e r  t h a t  i r r a d i a t e s  t h e  c o a l  sample i s  n o t  g r e a t  ( 4 . 0 1  c a l . ) .  
However, s ince  the  energy i s  d e l i v e r e d  i n  a s h o r t  p u l s e  and t h e  h igh  coherency of t h e  
l a s e r  l i g h t  enables  it t o  be focused on a sma l l  a r e a ,  f l u x  d e n s i t i e s  of  lo6 cal . /sec. /cm.2 
can be e s t a b l i s h e d  a t  the coa l  s u r f a c e .  These h igh  f l u x  d e n s i t i e s  r e s u l t  i n  extremely 
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It i s  d i f f i c u l t  t o  a s s i g n  a temperature  t o  a l a s e r  p y r o l y s i s .  I f  one assumes t h a t  
/ only t h e  m a t e r i a l  vaporized was heated es t imated  temperatures  would be about 50,OOO"C. 

This  va lue  would be decreased cons iderably  i f  the  h e a t  o f  decomposition of t h e  coa l  was 
taken i n t o  account. Another f a c t o r  even more d i f f i c u l t  t o  eva lua te  is  t h e  s h i e l d i n g  of 
the  coa l  sur face  from t h e  l a s e r  r a d i a t i o n  by t h e  plume of decomposition products .  The 
presence o f  high molecular weight products  i n  t h e  mass spectrum would s e e m  t o  i n d i c a t e  
t h a t  the  b u l k  of the pyrolysed c o a l  d id  not  reach temperature much above 1000°C. 
high f l u x  output  of t h e  l a s e r  e s t a b l i s h e s  l a r g e  temperature  g r a d i e n t s  i n  the  heated s o l i d  
but the  s h o r t  pulse  length  r e s t r i c t s  p y r o l y s i s  t o  t h a t  m a t e r i a l  i n  t h e  immediate v i c i n i t y  
of  the  i r r a d i a t e d  zone. This  i s  demonstrated by t h e  f a c t  t h a t  a second l a s e r  h e a t i n g  o f  
a t a r g e t  produces a mass spectrum c h a r a c t e r i s t i c  of  a c h a r  r a t h e r  than  t h e  o r i g i n a l  
m a t e r i a l ,  however i f  the  l a s e r  i s  f i r e d  a t  an  a r e a  100 microns removed from a pyrolysed 
c r a t e r  t h e  r e s u l t i n g  spectrum i s  t h e  same as an unheated c o a l .  

The 
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OBTAINING THE SPECTRA 

The pulse  length of t h e  l a s e r  depends upon t h e  pumping energy,  under t h e  condi t ions  
, used i n  t h i s  i n v e s t i g a t i o n  a t y p i c a l  p u l s e  length  would be about 300 microseconds. Most 

How- of  the  p y r o l y s i s  of t h e  c o a l  sample w i l l  t a k e  p lace  d u r i n g  t h e  a c t u a l  l a s e r  b u r s t .  
e v e r ,  p y r o l y s i s  products  a r e  s t i l l  being evolved s e v e r a l  mi l l i seconds  a f t e r  t h e  l a s e r  
b u r s t  due t o  the  f i n i t e  cool ing  time of  t h e  c o a l .  i' The TOF mass spectrometer  i s  capable  
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of  making mass a n a l y s i s  o f  t h e  s p e c i e s  i n  the  i o n i z a t i o n  chamber a t  50 to 100 microsecond 
i n t e r v a l s  enab l ing  s e v e r a l  s p e c t r a  t o  be recorded du r ing  t h e  p y r o l y s i s .  

The i n t e n s i t y  o f  t he  masses recorded dec reases  exponen t i a l ly  with time. The r a t e  of 
decay i s  no t  t he  same f o r  a l l  masses.  I n  gene ra l  t h e  h ighe r  masses have t h e  longer  time 
c o n s t a n t .  The d i s t r i b u t i o n  o f  decay r a t e s  cannot be accounted f o r  by t h e  e f f e c t  o f  mass 
on pumping speed of t h e  mass spectrometer  vacuum system. A more l i k e l y  exp lana t ion  of t he  
v a r i a t i o n  i n  decay r a t e s  o f  t h e  d i f f e r e n t  s p e c i e s  i s  t h a t  the  p y r o l y s i s  product d i s t r i -  
bu t ion  changes a s  the  temperature  of the coa l  dec reases .  For t h i s  i n v e s t i g a t i o n  a s ing le  
spectrum was recorded r e p r e s e n t i n g  t h e  composition one mi l l i s econd  a f t e r  t h e  s t a r t  of the  
l a s e r  b u r s t .  

THE SPECTRA 

Figure 1 shows s p e c t r a  ob ta ined  under s i m i l a r  cond i t ions  o f  t h e  v i t r a i n  component 
o f  c o a l s  of s eve ra l  ranks.  The i o n i z a t i o n  p o t e n t i a l  f o r  a l l  t h e  spec t r a  was 25 v o l t s .  
The spectrum above mass 100 i s  magnified f o r  e a s e  o f  p r e s e n t a t i o n  f o r  both t h e  semi- 
a n t h r a c i t e  and the  sub-bituminous c o a l s .  With j u s t  a cu r so ry  glance one can see  how 
e a s i l y  v i t r i n i t e s  can be s e p a r a t e d  by t h e  " f i n g e r p r i n t "  technique.  
of t he  mass spec t r a  g ive  some i n d i c a t i o n  o f  t he  s t r u c t u r e  o f  t h e  m a t e r i a l .  I n  t he  high 
mass r eg ion  of t h e  sub-bituminous v i t r i n i t e  spectrum t h e r e  a r e  many mass peaks of about 
equal  i n t e n s i t y .  This  tends to i n d i c a t e  a complex mixture  of hydroaromatics and a l k y l  
s u b s t i t u t e d  aromatics .  The HVA bituminous v i t r i n i t e  has  a much more d i f f e r e n t i a t e d  
spectrum i n  t h i s  region i n d i c a t i n g  more o r g a n i z a t i o n  o f  s t r u c t u r e .  The semi-anthraci te  
has a ve ry  s imple mass spectrum a s  would be expected f o r  a low hydrogen c o n t e n t ,  highly 
condensed r i n g  system. 

The gene ra l  appearance 

Figure 2 shows some comparison s p e c t r a .  The high degree o f  s i m i l a r i t y  i s  seen 
between two HVA bituminous v i t r i n i t e s  f r o m  d i f f e r e n t  sou rces .  This can be con t r a s t ed  t o  
t h e  d i s s i m i l a r i t y  between t h e  spectrum of  v i t r a i n  i n  sample number 1 and t h a t  of t he  non- 
v i t r i n i t i c  m a t e r i a l  w i t h i n  100 microns of t h e  v i t r a i n  band edge. Although t h e  l a t t e r  two 
s p e c t r a  have many of t h e  same masses, d i f f e r e n t i a t i o n  can be e a s i l y  accomplished by com- 
pa r ing  s e l e c t e d  peak r a t i o s .  

Major mass peaks can be found i n  the HVA s p e c t r a  f o r  t he  a l k y l  s u b s t i t u t e d  benzenes 
and naphthalenes but t h e  mass d i s t r i b u t i o n s  o f  t h e  s p e c t r a  can not  be accounted f o r  by a 
mixture  o f  s t a b l e  molecules.  The s p e c t r a  i n d i c a t e  the  presence of thermally produced f r e e  
r a d i c a l s  i n  the  p y r o l y s i s  p roduc t s .  

The laser-mass spectrometer  i s  capable  o f  d i f f e r e n t i a t i n g  between microscopic hetero-  
g e n e i t i e s  i n  c o a l .  I n  o r d e r  to  understand t h e  s t r u c t u r a l  b a s i s  of t h i s  d i f f e r e n t i a t i o n  
t h e  behaviour  of known m a t e r i a l s  under t h e s e  p y r o l y s i s  c o n d i t i o n s  w i l l  have t o  be s tudied.  
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